Consequently, a study was undertaken of three simultaneously compared intracardiac events in order to delineate exact temporal relationships of echographic, pressure, and sound parameters of AVC. The three events were echo-6-02 CIRCULATION
15. Jacobson G, Weidner W: Dilatation of the left auricular appendage by the Valsalva maneuver: An aid in the diagnosis of mitral valve disease. 1 and 2 ). Five to ten cardiac cycles were measured to determine temporal relationships of echographic aortic valve closure to intracardiac A2 and the incisura of the aortic root pressure. The time from onset of A2 to the initial high frequency component of A2 was measured also from each sound complex.
Results
In all patients echographic coaptation of aortic valve leaflets coincided with the incisural trough and the onset of A2 (figs. I and 2).
Peak intensity of A2 was delayed 0-8 msec (mean 3 msec) from echographic aortic valve closure (table 1). In 13 of 16 children, peak A2 was less than 5 msec from onset of A2 and in 5 of 16 high frequency A2 was coincident with onset of A2.
No difference in results was obtained from children with or without aortic valve stenosis.
Discussion
Two major theories have evolved regarding the genesis of heart sounds in general and A2 in particular. Early investigators believed that A2 was produced by apposition of the aortic valve cusps and until recently this theory generally has been accepted." 2
In recent years the genesis of heart sounds has been carefully evaluated by techniques employing micromanometers, intracardiac phonocardiograms, and analysis of angiocardiograms performed in conjunction with sound tracings.4 Data accumulated from these studies suggested that aortic valve closure occurred prior to the onset of A2.
MacCanon et al.5 employed an electrical conducting device to time the relationship between AVC and the aortic incisura in closed chest anesthetized dogs. Their data showed that the onset of A2 was coincident with the aortic pressure incisura, but followed valve closure by a mean of 10 msec. These observations were consistent with the hypothesis that deceleration of a blood column in the aortic root at the termination of systole, and not closure of aortic leaflets, leads to vibrations audible as S2. 3 These studies require accurate delineation of excursions of valve leaflets, which echocardiography provides with clarity and in a manner that permits correlation with those intracardiac events related to production of sound. Chandraratna6 and Anastassiades7 have reported that echographic aortic valve closure preceded the onset of A2 by 5-25 msec (mean 13). Their data support the contention that A2 is not caused by coaptation of aortic leaflets, but by events which occur after valve closure.
In contrast to these studies, Craige demonstrated unvarying simultaneity of AVC and initial high frequency vibrations of A2.8' 9 Evaluation of 30 patients in our laboratory, employing external phonocardiography and aortic valve closure reflected by ultrasound, likewise demonstrated simultaneity of echographic AVC and the onset of A2. Peak intensity of high frequency components of A2 followed coaptation by less than 3-5 msec in our patients.
Persistence of this disagreement regarding the genesis of A2 and our own inability to demonstrate convincing differences between echographic AVC and surface recorded A2 prompted our study comparing echographic AVC with two intracardiac events: incisura of the aortic root pressure and intracardiac A2. In all of our patients the onset of intracardiac A2 coincided exactly with the pressure incisura and echographic AVC. This occurred even in patients with valvular aortic stenosis. The higher frequency vibrations of A2 occurred less than 8 msec after echographic AVC in all patients and were delayed by less than 5 msec in 13/16 children.
The average age of our subjects was 11 years, whereas subjects studied by Chandraratna6 and Anastassiades7 ranged in age from 10-80 years. The younger patient would have more compliant systemic arterial vessels, but we do not believe this would account for differences in our data.
Intracardiac phonocardiography is free of distortion and dampening that may accompany surface sound recording; initial phonic evidence of intracardiac A2 as well as high frequency A2 could be clearly recorded. The clarity of intracardiac sound recordings may account, in part, for the discordance of our data from that of Chandraratna8 and Anastassiades.7
The onset of intracardiac A2 correlated with the incisural trough of the aortic pressure tracing, which is generally considered as a hemodynamic index of AVC. The onset of A2 was therefore chosen as the sound event that should correlate with echographic AVC. Our results demonstrated simultaneity of echographic aortic closure, aortic pressure incisura and onset of intracardiac A2, and indicate that closure of the aortic valve initiated A2. They also suggest that the higher frequency components of A2 were the results of tensing of the closed semilunar valve.
